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Sense of Presence
Virtual reality is an event or entity
that is real in effect but not in fact.
(Michael Heim, 1993)
Abstract
This article introduces the presence construct offering in the same time a review of
presence determinants. Highlighting the uneven interest manifested in this research area,
interest which favours particularly technological factors, it advocates a shift of attention
which would motivate studies focusing primarily on human factors. The article continues
by outlining the methods and instruments developed for assessing presence, with an
emphasis on the challenges and difficulties of measuring presence. Given its significance,
the relationship between presence and task performance is also discussed.
INTRODUCTION
Sense of presence is one of the most interesting phenomena which enrich users’
experience of interacting with any type of system. It allows the users to be there (Schloerb
& Sheridan, 1995), and moreover to perceive the virtual world as another world in which
they really exist. The inner nature of this phenomenon poses a series of serious problems
for investigating presence, at both theoretical and empirical level.
The highly subjective nature of presence continues to challenge researchers for
finding appropriate methodologies and instruments of measuring it. This is reflected in
the ongoing theoretical work of conceptualising sense of presence. The difficulties relating
to investigating presence led to a large set of definitions and measuring tools. Despite the
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diversity characterising this set, there is a common ground shared by researchers in the
presence field which refers to presence determinants.
Emphasising the meaning of mediation, a new concept, called telepresence has been
introduced. Even though the idea of telepresence was anticipated by Robert Heinlein
(1950) in his novel Waldo, the term was coined by Marvin Minsky (1980) and denotes a
sense of being physically present at a remote world which is mediated by the system
interface. This concept precedes and is closely related to the presence construct. Despite
of being often taken as synonyms, there is however a subtle difference between presence
and telepresence, rooted in the proximity to the site where one perceives, acts and
ultimately experiences presence. Draper et al. (1998) defined telepresence as “the
perception of presence within a physically remote or simulated site”.
Another distinction, often mentioned in presence literature is that between presence
and immersion. Immersion is usually associated with technological factors referring to the
extent to which computer generated worlds are extensive (able to accommodate a large set
of sensory systems), surrounding (able to provide information from any virtual direction),
inclusive (able to shut out all information from physical world), vivid (able to provide rich
information content, resolution and display quality) and matching (able to accurately
reproduce the body movements previously tracked) (Slater, Linakis, Usoh, & Kooper,
1996; Slater, Usoh, & Steed, 1995). In contrast presence relates more to human factors,
whose impact is unfortunately less explored.
DEFINING PRESENCE
One of the most common psychological phenomena experienced by users while they
interact with virtual reality systems, is a sense of presence. However, a sense of presence
can be experienced not only when people interact with virtual reality, but also during the
use of any other media. Biocca (1997) argues that presence is “part of an ancient desire
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for transportation ... over the space we live in”.
Sheridan (1992) and Schloerb and Sheridan (1995) described presence as a sense of
being physically present at the remote site. Loomis (1992) pointed out that presence is a
basic state of consciousness, consisting of the attribution of sensation to some distal
stimuli, or more broadly to some environment. Slater and Usoh (1993) described presence
as “suspension of disbelief” experienced by users while being in a remote world and not
the physical one.
Lombard (2002) also considered the first and the second order mediation applicable
to the study of presence, where the second one relies beyond the human senses, on
technology. Underlining the failure of mediation awareness, Lombard and Ditton (1997)
conceptually delimited presence as “the perceptual illusion of non-mediation”.
Analysing the above presence definitions, it is interesting identifying both the
general class where presence concept has been included, as well as its distinctive set of
features. Thus, the concepts used for delineating the genus were state of consciousness
(Loomis, 1992), psychological state (Lombard, 2002), subjective experience (Heeter, 1992),
subjective perception (Lombard, 2000), sense (Minsky, 1980; Sheridan, 1992) and illusion
(Lombard & Ditton, 1997).
Considering presence merely as a sense can be unnecessarily restrictive. At the same
time however, the state of consciousness enlarges the boundaries of the genus needlessly,
since everything that occurs in the internal world, the subjective world of inner thoughts
(Jung, 1971), represents states of consciousness. While a quite large array of terms
delineating genus have been identified, the distinguishing features, which are supposed to
differentiate sense of presence from other psychological phenomena are clearer. The
unanimously accepted construct of being there is the core aspect of presence, which occurs
within one’s consciousness.
In seeking a closer juxtaposition to the theoretical framework underlying it,
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presence is defined as follows (Sas & O’Hare, 2001, 2003):
Presence is a psychological phenomenon, through which one’s cognitive
processes are oriented towards another world, either technologically mediated
or imaginary, to such an extent that he or she experiences mentally the state
of being (there), similar to one in the physical reality, together with an
imperceptible shifting of focus of consciousness to the proximal stimulus
located in that other world.
PRESENCE DETERMINANTS
Several presence theories have been developed in the attempt to extend the
understanding of presence. Draper (1998) identified a first group consisting of
psychological models of presence and a second one consisting of technological models of
presence. First class of theories includes telepresence as flow experience developed by
Csikszentmihalyi (1990), behavioural cybernetics theory (Smith & Smith, 1985) and
structured attentional resource model for teleoperation (Schloerb & Sheridan, 1995). The
second class of theories groups different models elaborated by Sheridan (1992), Steuer
(1992), Schloerb (1995), Zeltzer (1992), Witmer and Singer’s (1998) and respectively by
Slater and Usoh (1993).
The factors affecting presence can be grouped into technological factors which
consider the system and its characteristics, and human factors referring to users’ cognitive
and personality aspects (Lombard & Ditton, 1997; Lessiter, Keogh, & Davidoff, 2000).
Technological Factors
A large amount of work has been carried out in the area of technological factors
affecting presence. Lombard and Ditton (1997) provided a detailed account of this. Some
of these factors are: visual display characteristics such as image quality, image size,
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viewing distance, visual angle, motion, colour, dimensionality, camera techniques; aural
presentation characteristics like frequency range, dynamic range, signal to noise ratio, high
quality audio and dimensionality such as 3D sound. As stimuli for other senses, Lombard
and Ditton (1997) referred to olfactory output, body movement, tactile stimuli, and force
feedback.
Media and user characteristics were often mentioned as carrying a particular impact
upon the level of sense of presence experienced by the users. However, there is little
empirical research supporting this.
Human Factors
Psotka and Davison (1993) considered two categories of factors determinant of
immersion, such as susceptibility to immersion and quality of immersion. The first set
refers to human factors with an emphasis on cognitive aspects such as imagination, vivid
imagery, concentration, attention and self-control, while the second set is primarily
concerned with technological factors like affordances of Virtual Reality (VR), distractions
from the real world or physiological effects.
Kaber, Draper and Usher (2002) noted that the personality traits discussed in the
VR literature seem to be predominantly mentioned in the context of presence experienced
within the VE. These factors were primarily referred to as immersive tendencies and
attention. They cover an entire set of users’ characteristics such as suggestibility of
immersion, tendency to daydream, becoming lost in novels, concentration and robustness
to distracting events.
Other personality factors impacting on presence are empathy, absorption, creative
imagination, personality cognitive style and willingness to be transported in the VE
(Lombard & Ditton, 1997; Heeter, 1992; Sas & O’Hare, 2001, 2003; Sas, O’Hare, & Reilly,
2003).
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Discussion
Presence models and determinants are organised along the two fundamental groups
such as technological and human factors. However, there is an uneven development of
these theories along the two dimensions, since technological factors seemed to receive
greater attention from the research community.
This indicates a gap, and the efforts invested in this line of research could be
efficiently exploited for the development of hybrid theories, focusing simultaneously on
both technological and human factors, and on the relationship between them, for
providing a comprehensive explanation of presence.
The two groups of factors impacting on presence and taken as basis for grouping the
presence theories should be seen on a continuum, rather than a dichotomy. Both human
and technological factors should be seen as part of a wider equation whose addressing
increases the potential of understanding and possible manipulating presence. A marriage
between these two factors is a must for any attempt to build systems able to adapt
themselves to user characteristics in order to control the level of presence.
Conceptualising presence is the initial stage of understanding this construct. It has
been followed by the attempts of measuring presence. Different methods and measurement
instruments have been proposed for offering quantitative indicators of the degree of
presence that one can experience.
MEASURING PRESENCE
Despite its significance, measuring presence raises significant challenges, primarily
related to the nature of presence. Presence is a psychological phenomenon, subjectively
experienced inside the inner world of one’s consciousness. Therefore, capturing and
analysing it requires a certain degree of introspection, together with one’s understanding
of what presence means. In addition, presence is a state or a transient psychological
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condition which is context-dependent, and which accordingly could vary within the same
individual during an experiment.
Therefore, participants could encounter difficulties in assessing their level of
presence after the task has been completed and the experiment has ended. Even more
difficult is measuring presence during the duration of experiment. This involves asking
somebody to be permanently aware of each change occurring in his/her level of presence.
Such a requirement adds itself to those involved in the execution of the task, inducing
therefore cognitive overload. This could either prevent the subjects to experience presence
or affect the task performance. Either case impacts on the measurement validity.
Another difficulty in measuring presence is related to the complexity and
multi-dimensionality of this construct (Lombard, 2003). This is reflected in the different
definitions and theories trying to explain presence. In addition, presence research seems to
be an interdisciplinary field, which benefits from inputs from various disciplines such as
psychology, philosophy, computer science, media studies, drama studies etc., to enumerate
the most important ones. These multiple perspectives provide valuable insights into
understanding presence, but at the same time they come at a cost. A fully articulated and
commonly accepted theory of presence requires a lingua franca of presence. The efforts
invested in this direction can lead to a common ground in understanding presence.
Lombard (2003) identified two general approaches to measuring presence: subjective
measurements and objective measurements. Subjective measures usually consist of
self-rating questionnaires which require participants to evaluate the experienced level of
presence. Some of the limitations of this approach have been introduced above. They are
mainly related to the inner and versatile nature of presence, and to the level of
introspection assumed that participants are able to achieve. Such kind of information
could be elicited post experiment or during the experiment.
The main advantage of the subjective measures consists of their accessibility. They
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also come at low cost and very important, appear to be valid and reliable measures
(Prothero, Parker, Furness, & Wells, 1995). As Lombard (2003) mentioned, “several
presence questionnaire instruments that may be valid and reliable across different
participant groups, experimental conditions, stimuli, and settings, have been or are
currently in development”. Such questionnaires have been developed by Lessiter et al.
(Lessiter et al., 2000), Lombard (2000), Schubert (1999), Witmer (1998), Slater et al.
(2000).
In order to overcome some of the limitations related to subjective measures of
presence, another approach started to emerge. At the core of objective measures lies the
hypothesis that, while the users experience presence, a series of physiological and
behavioural modification occurred in their bodies. The particular physiological
modifications considered as reflecting presence are skin conductance, blood pressure, heart
rate, muscle tension, respiration, eye movement, posture etc. (Lombard, 2003).
These measures involve the recording of such modifications, in real time and present
the considerable advantage of being unobtrusive. They can be also carried out without
requiring subjects’ involvement in these measurements. The objective measurements have
their own limitations, such as high cost and difficulties in administrating them. However,
their main drawback concerns the limited evidences of the fact that physiological
modifications correlate with presence.
Another aspect of major interest regarding presence is its relationship with task
performance. The significance of this relationship justifies the efforts invested in defining
and measuring presence. At the same time, this issue has generated serious theoretical
treatments and empirical investigations.
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PRESENCE AND TASK PERFORMANCE
The existence of a relationship between presence and task performance is arguable
and has given rise to a long-standing debate in the presence research area. More empirical
studies are required in order to refute/support this dependency and offer insights into its
nature. Theoretical work and empirical studies have highlighted two possible research
positions. The first position states that presence is merely an epiphenomenon (Ellis, 1996;
Welch, Blackmon, Liu, Mellers, & Stark, 1996), and consequently its impact upon task
performance is limited. According to this position, the role of presence consists only of
affectively colouring the user’s experience. The second position argues that presence
impacts on the performance of tasks carried out within the virtual environments. There
are two perspectives on this position.
The first one views it as a mediated relationship. In other words, presence and task
performance could be in fact related to a third extraneous variable or set of variables
(Stanney et al., 1998; Slater et al., 1996), which impact on both presence and task
performance. These extraneous variables were considered to be related to the
technological aspects of VEs, such as improved VEs (Stanney et al., 1998) or immersion
(Slater et al., 1996).
The second, and probably the most important possible explanation of this
mysterious dependency between presence and task performance argues for a causal
relationship (Sadowski & Stanney, 2002). This perspective has fuelled most of the
research in the field. However, the issue of causal relationship presents a two-fold problem.
Firstly, it is a challenge to design an experiment for highlighting the causal relationship,
which would go beyond mere correlation and secondly this relationship, if it exists, would
seem to be highly task-dependent (Stanney, 1995; Slater et al., 1996).
The significance of the content being delivered through any mediated experience has
been related to the nature of activity or tasks in which the user participates, which in turn
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seems to impact on presence (Lombard & Ditton, 1997). Heeter (1992) distinguished
between two potential groups of tasks which could impact differently on presence, which
are related to two fundamental types of activity: learning or playing. Particularly, in the
case of tasks involving a ludic component, the sense of presence is likely correlated with
enjoyment, which in turn is likely correlated with task performance (Barfield, Zeltzer,
Sheridan, & Slater, 1995). Tasks or activities which involve ambiguous verbal and
nonverbal social cues and sensitive personal information exploits better the medium’s
potential to offer presence than do simple nonpersonal tasks (Lombard & Ditton, 1997).
Correlations between performance improvement and presence appear to be positive.
However, they are usually weak since less than 10% of variance in the performance seems
to be accounted for the perceived presence (Snow, 1996).
Despite this limitation, the causal relationship presence–task performance has
increased face validity based on the perceptual and cognitive psychology of skills transfer
(Stanney et al., 1998). In this light, an additional benefit of understanding this
relationship consists of the transfer of skills from the VE to the real world. Slater et al.
(1996) considered presence merely as a facilitator whose main contribution consists of
enabling the user to perform naturally, in a similar way one does in the real world, or in
other words inducing one’s “natural reactions”.
Sense of Presence 12
References
Barfield, W., Zeltzer, D., Sheridan, T., & Slater, M. (1995). Presence and performance
with virtual environments. In W. Barfield & T. Furness (Eds.), Virtual
environments and advanced interface design (pp. 473–513). Oxford Press.
Biocca, F. (1997). The cyborg’s dilemma: Progressive embodiment in virtual
environment. Journal of Computer—Mediated Communication, 3 (2).
Csikszentmihalyi, M. (1990). The psychology of optimal experience. New York, NY:
Harper and Row.
Draper, J., Kaber, D., & Usher, J. (1998). Telepresence. Human Factors, 40 (3), 354–375.
Ellis, S. (1996). Presence of mind: A reaction to Thomas Sheridan’s “further musings on
the psychphysics of presence”. Presence: Teleoperators and Virtual Environments,
5 (2), 247–259.
Heeter, C. (1992). Being there: The subjective experience of presence. Presence:
Teleoperators and Virtual Environments, 1 (2), 262–271.
Heinlein, R. (1950). Waldo and magic. New York, NY: Del Rey.
Jung, C. (1971). Psychological types. In L. Ress & W. McGuire (Eds.), The collected
works of C.G. Jung (Vol. 6). Princeton: Princeton University Press.
Kaber, D., Draper, J., & Usher, J. (2002). Influence of individual differences on virtual
reality application design for individual and collaborative immersive virtual
environments. In K. Stanney (Ed.), The handbook of virtual environments: Design,
implementation and applications (pp. 379–402). Mahwah, NJ: Lawrence Erlbaum &
Associates.
Lessiter, J., Keogh, J., & Davidoff, J. (2000). A cross-media presence questionnaire: The
Sense of Presence 13
ITC sense of presence inventory. Presence: Teleoperators and Virtual Environments,
10 (3), 282–297.
Lombard, M. (2002). Resources for the study of presence: Presence explication. URL:
http://www.temple.edu/mmc/ispr/explicat.htm (version current as of March 15,
2002).
Lombard, M. (2003). Resources for the study of presence: How do we measure presence?
URL: http://www.temple.edu/ispr/measure.htm (version current as of September
28, 2003).
Lombard, M., & Ditton, T. (1997). At the heart of it all: The concept of presence.
Journal of Computer—Mediated Communication, 3 (2).
Lombard, M., Ditton, T., Crane, D., Davis, B., Gil-Egui, G., Horvath, K., Rossman, J., &
Park, S. (2000). Measuring presence: A literature-based approach to the
development of a standardized paper-and-pencil instrument. In Third international
workshop on presence, delft, the netherlands.
Loomis, J. (1992). Distal attribution and presence. Presence: Teleoperators and Virtual
Environments, 1 (1), 113–118.
Minsky, M. (1980). Telepresence. Omni, 2, 44-52.
Prothero, J., Parker, D., Furness, T., & Wells, M. (1995). Towards a robust, quantitative
measure for presence. In Proceedings of the conference on experimental analysis and
measurement of situation awareness (pp. 359–366).
Psotka, J., & Davison, S. (1993). Cognitive factors associated with immersion in virtual
environments. In Proceedings of the conference on intelligent computer-aided
training and virtual environment technology.
Sadowski, W., & Stanney, K. (2002). Measuring and managing presence in virtual
Sense of Presence 14
environments. In K. Stanney (Ed.), Handbook of virtual environments technology.
Lawrence Erlbaum Associates.
Sas, C., & O’Hare, G. (2001). The presence equation: An investigation into cognitive
factors underlying presence within non-immersive virtual environments. In Presence
2001, the 4th annual international workshop on presence.
Sas, C., & O’Hare, G. (2003). Presence equation: An investigation into cognitive factor
underlying presence. Presence: Teleoperators and Virtual Environments, 12 (5),
523–537.
Sas, C., O’Hare, G., & Reilly, R. (2003). Presence and task performance: An approach in
the light of personality cognitive style. International Journal of Cognition
Technology and Work. Special Issue on ”Presence: design and technology challenges
for cooperative activities in virtual or remote environments”. (In press)
Schloerb, D., & Sheridan, T. (1995). Experimental investigation of the relationship
between subjective telepresence and performance in hand-eye tasks. In
Telemanipulator and telepresence technologies (pp. 62–73). Bellingham: Society of
Photo-optical Instrumentation Engineers.
Schubert, T., Friedmann, F., & Regenbrecht, H. (1999). Decomposing the sense of
presence: Factor analytic insights. In The 2nd international workshop on presence,
university of essex.
Sheridan, T. (1992). Musings on telepresence and virtual presence. Presence:
Teleoperators and Virtual Environments, 1 (1), 120–126.
Slater, M., Linakis, V., Usoh, M., & Kooper, R. (1996). Immersion, presence and
performance in virtual environments: An experiment with tri-dimensional chess. In
M. Green (Ed.), Virtual reality software and technology (pp. 163–172). ACM Press.
Sense of Presence 15
Slater, M., & Steed, A. (2000). A virtual presence counter. Presence: Teleoperators and
Virtual Environments, 9 (5), 413–434.
Slater, M., & Usoh, M. (1993). Representations systems, perceptual position, and
presence in immersive virtual environments. Presence: Teleoperators and Virtual
Environments, 2 (3), 221–233.
Slater, M., Usoh, M., & Steed, A. (1995). Taking steps: The influence of a walking
metaphor on presence in virtual reality. ACM Transactions on Computer–Human
Interaction (TOCHI), 2 (3), 201–219.
Smith, T., & Smith, K. (1985). Cybernetic factors in motor performance and
development. In D. Goodman, R. Wilberg, & I. Franks (Eds.), Differing perspectives
in motor learning, memory, and control (pp. 239–283). Elsevier Science Publishers.
Snow, M. (1996). Charting presence in virtual environments and its effects on
performance. Unpublished doctoral dissertation, Industrial and Systems
Engineering, Virginia Polytechnic Institute and State University.
Stanney, K. (1995). Realizing the full potential of virtual reality: Human factors issues
that could stand in the way. In Proceedings of IEEE virtual reality annual
international symposium (pp. 28–34). IEEE Computer Society Press.
Stanney, K., Salvendy, G., Deisigner, J., DiZio, P., Ellis, S., Ellison, E., Fogleman, G.,
Gallimore, J., Hettinger, L., Kennedy, R., Lackner, J., Lawson, B., Maida, J., Mead,
A., Mon-Williams, M., Newman, D., Piantanida, T., Reeves, L., Riedel, O., Singer,
M., Stoffregen, T., Wann, J., Welch, R., Wilson, J., & Witmer, B. (1998).
Aftereffects and sense of presence in virtual environments: Formulation of a research
and development agenda. International Journal of Human–Computer Interaction,
10 (2), 135–187.
Sense of Presence 16
Steuer, J. (1992). Defining virtual reality: Dimensions determining telepresence. Journal
of Communication, 4 (2), 73–93.
Welch, R., Blackmon, T., Liu, A., Mellers, B., & Stark, L. (1996). The effects of pictorial
realism, delay of visual feedback, and observer interactivity on the subjective sense
of presence. Presence: Teleoperators and Virtual Environments, 5 (3), 263–273.
Witmer, B., & Singer, M. (1998). Measuring presence in virtual environments: A presence
questionnaire. Presence: Teleoperators and Virtual Environments, 7 (3), 225–240.
Zeltzer, D. (1992). Autonomy, interaction and presence. Presence: Teleoperators and
Virtual Environments, 1 (1), 127–132.
Terms and Definitions
• Presence: A psychological phenomenon enabling the mental state of being there,
in either technologically-mediated or imaginary spaces.
• Telepresence: A psychological phenomenon of being mentally present at a
technologically-mediated remote world.
• Immersion: A quality of a system, usually computer generated-world, consisting
in a set of technological factors which enables users to experience presence.
• Task Performance: The proficiency of accomplishing a task which allows
discriminating users (i.e. experts/novices).
• Technological Factors: Aspects characterising a technical system (i.e. computer
generated world) and its components, which impact on the quality of interaction and task
performance.
• Human Factors: User characteristics in terms of personality and cognitive factors,
which impact of the quality of interaction with any artefact and task performance.
